ABSTRACT
INTRODUCTION
raining is a critical component of employees' development. It plays a crucial role in maintaining and improving their productivity and contributes significantly to enhancing their skills. Companies around the World have accepted this fact and started allocating significant funds to the training budget. Kauffeld et al. (2010) indicate that the average US Company spends about $ 955 per employee on training. Furthermore, total training costs in the European Union ranged from 1.2% to 3.6% of overall labor cost in 1999. For this investment to be effective, managers need to allocate the scarce funds to achieve maximum returns. The issue of deciding how to assign the employees to the various training programs stands out. This is a complex problem due to the fact that training must be carried out without major disruption to the organization's operations. Additionally, there are various categories of employees within the organizational structure that may require different training programs, which may overlap with the training needs of the other categories. The capacity limits of the training programs coupled with the time limits within which training could be carried out further complicates the problem. There are many tradeoffs that managers need to take into account necessitating the use of mathematical models to help with the problem solution. Mathematical programming offers such capabilities. This has been pointed out as early as 1964 in (Smith 1964) . Within specified constraints, linear programs could be formulated to achieve the optimal objective. In this paper, a linear program is formulated to help management decide on how to allocate employees at various managerial and clerical levels to training programs that have a limited capacity. The constraints also include a maximum number of employees at any level that could be in a training program to minimize disruption to their respective departments' business. Additionally, the senior management has stated certain guidelines on what proportion of each category should receive training relative to each training course offered.
Although the results of the investments in training are quite challenging to show as argued in Pienda (2010) , the benefits of training have been well established. Training can lead to substantial cost savings. Merrick et al. (2006) report annual savings of over $ 2 million in a financial corporation as a result of only three training courses in forecasting, optimization and simulation. Similarly, Sohoni et al. (2003) report expected savings of over $ 7.5 million in the annual operating costs of a major airline as a result of using an automated optimization system to schedule continuing qualification training for pilots. Furthermore, training subsidies reduce unemployment while increasing wages and training incidence, and that less generous unemployment benefits typically increase training incidence (Menezes and Vieira 2008) .
Training is also a significant investment to the organization. The need to optimize the use of these resources is becoming even more pressing due to the increased competition and scarcity of qualified labor. On one hand, training reduces turnover (Munasinghe and O'Flaherty 2005) ; on the other hand, investing in training employees represents a challenge to the organization as it may provide the employees with the desired skills for them to be headhunted by rivals (Finegold and Wagner 2002) . The training and development process which includes needs assessment and developing training programs grows more challenging with the size of the firm and the time compression characterizing today's economic environment. Kuprenas et al. (1999) report on the challenges faced, the solutions formulated and the lessons learned in managing the logistics of training for a large number of trainees in a short period of time. In evaluating training programs, Ryan (1998) highlights the importance of giving critical consideration to four key criteria: compatibility, optimization, wholeness, and systemization. The application of optimization techniques, such as operational research (OR) methods, to the allocation of resources was introduced in the early 1970s. McNamara (1971) developed a linear program to aid state planners efficiently allocate vocational education funds to local school districts. Balinsky and Reisman (1972) developed dynamic programs to determine the optimal number of entrants into a training program in a given period. Ladany (1975) used linear programming to maximize the performance of an athlete subject to training and physiological requirements for balancing the development of the athlete's body. These early models presented a stepping stone for developing much more complex models that attempt to capture the many interdependencies in the problem while capitalizing on the growing base of computer and algorithmic developments. Although early models mostly relied on linear programming, researchers have recently turned to other mathematical programming techniques. Giannikos and Polychroniou (2009) used a fuzzy goal programming model to allocate tasks to employees in teamwork while considering the possibility of improving their abilities through training. Juang et al. (2007) developed an optimal curriculum arrangement model in maintenance personnel training programs and utilized genetic algorithms as a solution procedure. They also developed an adaptive computer-aided training system for maintenance representatives to facilitate personnel training for the machine tool industry. Zwols and Sierksma (2009) developed a mathematical mode (a nonlinear optimization model) to optimize the use of the total available training time by assigning time to training exercises. Fan and Wu (2008) used an analytic hierarchy process method to optimally select training programs for sales representatives resulting in overhead cost reduction and a better understanding of the necessary competences. Heuristic methods have also been employed to schedule training programs as in Rezaei et al (2012) to determine the optimal scheduling of training programs.
In section 2, the model is introduced and its various components are analyzed. In section 3, the solution methodology is discussed. In section 4, a real life case study is presented and the solution is analyzed. The exposition concludes with a recap of the key findings and a statement of the future research.
TRAINING COURSES ALLOCATION MODEL
Organizations continuously invest in training to enhance service quality levels and hence maintain longer and more profitable relationships with their customers. There are several levels of employees that are eligible for training, hereon denoted by M. Furthermore, there are several training courses that are available, which we shall denote by C. The management needs to decide on how many employees of a given level to assign to any one of the training courses in any given week of the year. The decision variable is thus defined as x mcw , m = 1...M, c = 1...C, w = 1...52.
Model Constraints
The first constraint is the class capacity constraint. All classes' capacities are defined on a weekly basis since no training program would take more than one week. The maximum number of participants in class j in a given week k should not exceed the class capacity MAXCAP cw regardless of the category of the employee. The constraint is stated as follows: 
To ensure the training effectiveness throughout the organization and to ensure that sufficient proportions of employees in a given level get the most appropriate training courses, a minimum number of employees from each category must participate in any given training course. Let M IN P ART mc denote the minimum number of employees of level m that must participate in course c by year end. The constraint can therefore be stated as follows:
Obviously, the number of participants in all training programs from any category during a period of one year cannot exceed the number of employees in that category. Let P OP m denote the total number of employees in category m. This translates to the following constraint:
Objective Function
Determining the return from training has consistently remained a thorny issue in managing training programs allocation. In some instances, the issue could simply be minimizing the total cost of the program. However, in our case, the training courses have already been decided upon as well as the necessary resources for running the courses. The issue is more on how to make sure that the allocation of the employees to the courses yields improvements in the organization's operations. In this general statement of the problem, let's simply denote the return by R mc , meaning that this would be the anticipated benefit to the company if one employee from category m takes course c. The objective would therefore be to maximize such return. In the following section, the model is applied to a basic real life case and the solution procedure is presented.
MODEL APPLICATION AND SOLUTION 3.1 Case Data
The model is applied to a company in the United Arab Emirates. The company has 5 categories of employees that are eligible for training, i.e. M = 5. The various categories are presented in Table 1. The table also indicates the total number of employees in each category P OP m and the maximum number of participants in a training course in any given week M AXP ART mw , which is simply 5% of the total number of employees in that category in this case. The company has invested in a new training facility that has six training rooms, hence in any given week, a maximum of 6 training courses could be carried out simultaneously, i.e. C = 6. Some of the courses are 2-day courses and could be run twice a week; whereas others are 5-day courses and could be run only once a week. The six courses and the respective class capacities are presented in Table 2 . The table also provides the minimum number of participants from a category in that course during a period of one year, i.e. M IN P ART mc . 
Case Model
For the case at hand, the primary purpose of the management is to ensure that the maximum number of employees across all employment levels take the training courses while maintaining the ongoing operation of the organization. To this effect, the objective function is to maximize the total number of participants in all relevant training courses. As such, there's no attempt at this stage to quantify the returns the organization would anticipate from the training courses. The constraints ensure that course capacities are not exceeded, that the minimum and maximum number of participants in a single course are maintained, and that the total number of participants from any category does not exceed the total number of employees in that category. Consequently, the linear program specific to the case presented can be stated as follows: 
Solution Procedure
The linear program developed is of a fairly moderate size (1560 variables and 607 constraints in addition to the non-negativity constraints). It was solved using a commercially available spreadsheet-based linear programming solver. Using a spreadsheet-based solver is quite effective in generating a solution that is well organized for decision makers to investigate. Seeing the actual assignment of the number from each category to each course on a weekly basis presented the management with a visual framework for understanding the solution and eventually converting it to training schedules. Solver found an optimal solution in 1.29 seconds for this case.
RESULTS ANALYSIS
The solved model yields important results and enables the management to have key insights into this complex problem. Table 3 summarizes the main findings from the model in terms of the total yearly numbers of trainees. All employees in the various categories have been assigned to appropriate training courses while keeping the departments operational. For the test case data, the decision makers have also an indication of the number of cycles (years) that would be required to have all eligible employees trained. With the sensitivity analysis, the decision makers can gain insight into the value of adding resources if the training cycle is deemed too long. Essentially, they can balance the benefit of appropriating additional funds to training to the expected improvement in performance resulting from training. This is quite important to maintain the senior management's support of the training efforts since this is done without disruption of the organization's business. Furthermore, it is interesting to see that the assignments are balanced among the various employee categories. This ensures that the reduction in the number of working personnel due to participation in training programs does not lead to developing bottlenecks where certain departments are significantly more staffed than others. The model also provides a weekly schedule of the allocation of the trainees from various organizational levels to the different training courses. 
CONCLUSION
In this paper, the problem of optimally assigning employees at various organizational levels to training programs is addressed. In light of the restrictions on the training courses capacities, the allowable number of trainees from each level and the need to maximize the utilization of the training resources, a linear program is developed and solved on a real life case. The model's key contribution is its general nature and ease of implementation. These characteristics are invaluable for a decision maker with little mathematical knowledge and a need for quick and inexpensive solutions. The main limitation of the model is the challenge of determining the expected benefit of the training programs on organizational performance, which is a challenge common to this field (Pienda, (2010) , Kuprenas et al. (1999),...etc.) . The model can be become more realistic by taking into account the stochastic nature of the availability of the training resources and the generalization of the objective to include the anticipated benefits of such programs. These venues, and others, are being considered by the author for future research initiatives. 
